Abstract
INTRODUCTION
One per cent of the US population is chronically disabled due to CLBP. [3] Studies on QOL in chronic diseases including CLBP point to factors such as chronicity, seriousness of the episode, stress and depression that reduce the QOL. [4] CLBP in women seems to be associated with the lowest quality of life amongst many types of non-malignant chronic pains as was observed in a survey carried out in a multidisciplinary pain clinic in Netherlands. [5] In CLBP, the reduction in quality of life could be attributed to sleep disturbances, fatigue, medication abuse [6] functional disability [7] and stress. Amongst these, psychological factors such as depression, anxiety, fear and anger seem to have a greater impact than biomedical or biomechanical factors on CLBP related disability and QOL. [8] Regression analysis in a group of 1208 chronic pain patients showed that pain catastrophizing had stronger association with quality of life than the intensity of pain. [5] Similarly, in patients with fibromyalgia [9] and CLBP, [10] the degree of pain, perceived disability and QOL were influenced more by their mental health status than the degree of physical impairment.
Multidisciplinary biopsychosocial rehabilitation has been shown to be better than usual care in improving QOL with reduction in pain and functional disability in patients with chronic back pain. [11] Yoga, with its holistic approach to improve overall quality of life, offers several self regulatory practices that aim at correcting these psychological factors that contribute to low QOL.
An integrated approach to yoga therapy (IAYT) that includes practices at physical, breathing, mental, intellectual and emotional levels has been shown to be effective in improving the QOL in several chronic conditions such as fibromyalgia, [12] rheumatoid arthritis [13] and cancer. [14] Our recent randomized control study on patients with CLBP has shown that an intensive residential short term program of IAYT can reduce the intensity of pain and disability and improve spinal flexibility. [15] Objective This study was planned to: (i) compare the effect of yoga with physical therapy exercises on QOL in patients undergoing a short term intensive residential program for CLBP (ii) study the baseline correlations between QOL and stress scores.
Hypothesis
QOL in yoga group would be better than control (physical exercise) as yoga is a multi-dimensional treatment modality that caters to all the levels of existence.
MATERIALS AND METHODS

Subjects
A total of 160 patients with CLBP admitted to a holistic health home in Bengaluru (South India) from April 2005 to June 2006 were screened. Of these, 80 who satisfied the inclusion criteria were recruited. Statistical calculation using G power software yielded a sample size of 35 per group for an effect size of 0.89 (calculated from our earlier interventional pilot study) with an alpha at 0.05 powered at 0.8. The inclusion criteria were (a) history of CLBP of more than three months (b) pain in lumbar spine with or without radiation to legs and (c) age between 18 to 60 years.
Exclusion criteria were, (a) CLBP due to organic pathology in the spine such as malignancy 06/02/2011 19:25 (primary or secondary), or chronic infections checked by X ray of lumbar spine. [16] The study was approved by the institutional review board and the ethical committee of the university. A signed informed consent was obtained from all patients.
Study design
In this randomized control study, 80 subjects who satisfied the inclusion criteria were allotted to two groups by a computer generated random number table (www.randomizer.org). Numbered opaque envelopes were used to implement the random allocation to conceal the sequence until interventions were assigned. Magnetic resonance Imaging (MRI) scans of all patients were reviewed and X-ray pictures of lumbar spine (antero posterior and lateral view) were obtained.
Demographic details vital clinical data, personal, family and stress history were documented before starting the intervention. Outcome variables were recorded on the first and seventh day.
The experimental group trained under the yoga-based program whereas the control group received physical therapy exercise based program. The control group went on to the yoga group in the second week. Both groups had the same daily routine with matched intervention [ Table 1 ]. 
Blinding and masking
The statistician, who randomized and analysed data, and the researcher who carried out the assessments were blind to the subject's group. The psychologist scored the coded answer sheets of the questionnaires after completion of the study.
Intervention
Yoga intervention
The specific 'integrated yoga therapy module for low back pain' was developed by a team of two yoga experts and a physiatrist. The concepts of the modules were taken from traditional yoga scriptures (patanjali yoga sutra, and yoga vasishtha) that highlight a holistic approach to health management at physical, mental, emotional and intellectual levels. Table 2 Back pain special techniques for yoga group Pranayama included yogic breathing practices to achieve a slow rhythmic pattern of breathing.
The instructions for this included (a) slow down the breath rate, (b) exhalation to be made longer than inhalation, and (c) develop an internal awareness. A prolonged easy, slow exhalation is the safest way to get mastery over the mind. [19] Meditation, considered to be a part of yoga, (antaranga yoga) is a valuable tool to calm down 
Control intervention
The practices consisted of a set of physical movements (certified by the senior physiatrist - Table   3 ), non-yogic safe breathing exercises, lectures on scientific information including (a) causes of back pain, (b) stress, QOL and CLBP and (c) benefits of physical exercises. For the experimental group, video shows on animals, plants, nature etc. were used as placebo to engage them during the time when the yoga group had video shows on yoga or going through yogic counseling. 
Perceived stress scale
The perceived stress scale (PSS) measures a global perception of stress response on a continuum from mild to severe.
[21] It has 10 items asking the subject to rate how often they have perceived an event in their life over the last month. The measure has good reliability, validity and internal consistency with a Cronbach's alpha of 88. It has been widely used, is general in nature, and brief. We have used it only for baseline correlations with QOL and not after the intervention as it cannot be administered before one month for retest.
Straight leg raising test [22] A goniometer (Anand Agencies, Pune) that has two scales fixed at one end to a compass (calibrated in degrees), was used to measure straight leg raising (SLR). It was placed with the stationary arm parallel to the edge of the table, the moving arm along the lateral midline of the thigh and the axis over the superior half of the greater trochanter. Then the leg was raised
Effect of yoga on quality of life of CLBP patients: A randomized control... http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2952119/ passively until the patient reported pain. The angle between the two scales is read on the compass. The procedure is repeated on both sides
Other measurements taken in this group of patients to assess disability, spinal flexibility, severity of pain, [15] anxiety and depression have been reported (under revision) as different publications
Data extraction
PSS was assessed using a five-point scale (0=never; 4=very often). The scores on four items that were worded in the opposite direction were reverse-scored as per the instructions in the manual.
The sum of the scores on all 10 items was the total PSS score.
[21]
WHOQOLBref: After scoring, the mean values for total and individual domains were computed.
These were multiplied by four to obtain the final score comparable to WHOQOL 100 as indicated in the manual. [1] Data analysis
Data was analyzed using SPSS version 10.0. Statistical tests used included KolmogorovSmirnov's test for normality of baseline data, independent samples 't' for baseline matching of the two groups, repeated measures ANOVA for group*time interaction followed by post hoc analysis for within and between group differences and Pearson's correlation test for correlations. Figure 1 shows the study profile. There were no drop outs as this was a residential short term program. The two groups, yoga and control (40 each), were similar with respect to sociodemographic and medical characteristics [ Table 4 ]. The baseline data for all variables were normally distributed and did not differ significantly between groups (P>0.05). Table 5 shows the results of all variables. There were no adverse events.
RESULTS
Figure 1
Trial profile Table 4 Demographic data Table 5 shows the results after the intervention in the two groups. There was significant group*time interaction and difference between groups on all domains at P<0.01. Within group analysis showed significant improvement in yoga group and non-significant change in control group on all domains.
WHOQOL BREF
Straight leg raising
There was significant increase in SLR in both groups at P<0.001 with significant group*time interaction for SLR right side at P=0.04. A study on the relationship between chronic pain and health related quality of life (HRQOL) showed that 58% of patients had depression and anxiety with severe reduction in physical, psychological and social well-being.
DISCUSSION
[26] A predictable relationship between HRQOL with functional status and psychological factors has also been documented. [27, 28] Several non-pharmacological interventions including 'back school program', [29] mindfulness based meditation, [30] cognitive behavior modification [7] and multidisciplinary programs [31] have been shown to be effective in reducing pain, disability and improving QOL in CLBP. There are no studies on effect of yoga on QOL in CLBP.
Deshpande et al. have shown the beneficial effect of a nonresidential integrated yoga program that assessed the QOL using WHO QOL100 on 184 normal volunteers in south India. [32] We have used these scores for comparison with our scores on WHOQOL Bref in CLBP patients.
Physical health
The baseline scores for this domain (mean 11.9) in CLBP (present study) patients were lower than the scores (mean 13.8) in normal volunteers. [32] After yoga it increased to 14.5 in normal volunteers and 15.14 in patients with CLBP pointing to the normalizing effect of yoga on physical QOL. This domain of WHOQOLBref deals with features such as mobility, fatigue, pain, sleep, work capacity etc The observed improvement can be attributed to reduction in pain and disability with improvement in spinal flexibility. [15] Other studies on integrated yoga in healthy children and adults have shown better physical stamina [33] dexterity and eye hand coordination. [34] Better quality and duration of sleep after yoga has been reported in the elderly. [35] Effect of yoga on quality of life of CLBP patients: A randomized control... http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2952119/
Psychological health
There was a significant (20%) improvement in yoga group with non-significant change in control 
Environmental health
The mean value in this domain which was lower (12.8) than normal (14.5) improved significantly to reach normalcy (14.6) after yoga and not after physical exercises. This domain has questions that deal with problems relating to financial resources, physical safety, physical environment such as pollution, noise, climate etc. One of the definitions of yoga (Bhagavad-Gita) says that yoga results in equanimity and balance (samatavam) that can help in better tolerance to environmental changes (sheeta ushna samah-tolerence to heat or cold). Studies have shown that yoga changes the physiological responses to stressors by improving autonomic stability with better parasympathetic tone in normal adults [43] and reducing sympathetic arousal with improved performance in congenitally blind children [44] and community home girls. [45] Yoga texts explain how integrated yoga techniques help in improving the quality of life. Voluntary reduction in violence and aggressiveness [46] during emotional reactions of anxiety [47] or depression [37] is achieved through restful awareness during all the practices in general and meditation in particular. [48] This mastery over emotional surges leads to controlled and need based physiological responses to stressfully demanding situations instead of uncontrolled overtones of HPA axis [49, 50] during chronic pain.
CONCLUSION
This randomized control study has shown that patients with CLBP had high stress levels with a negative correlation with QOL. A week long residential intensive yoga program increased the QOL and spinal flexibility better than physical therapy exercises for CLBP.
Limitations of the study include
Since both groups were in the same campus, the possibility of some interaction and exchange of ideas could not be ruled out, although special care was taken to keep the groups engaged independently i.
Short term intervention of one week may be considered a major limitation. A follow-up of patients who were asked to continue the practices daily (one hour) with the help of video and audio instructions is planned
ii.
